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Thinking Beyond Glycemic Control in  
Type 2 Diabetes
Selecting treatment for patients with type 2 diabetes (T2D) requires 

consideration of not only glycemic control, but also other factors 

such as comorbidities, body weight, hypoglycemia risk, drug safety 

profile, patient preferences, and costs.1,2 The latest standards of care 

from the American Diabetes Association (ADA), and the American 

Association of Clinical Endocrinologists/American College of 

Endocrinology (AACE/ACE), highlight in particular the impor-

tant influence of comorbid cardiovascular disease (CVD), chronic 

kidney disease (CKD), and heart failure (HF) on treatment selec-

tion. Among a number of options widely available, glucagon-like 

peptide-1 receptor agonists (GLP-1RAs) are one possible treatment 

choice within these settings.1,2

Oral semaglutide became the first FDA-approved GLP-1RA in 

tablet form for the treatment of T2D in September 2019,3,4 and it 

is now approved in the European Union, United Kingdom, and 

Japan.5,6 Given that GLP-1RAs were previously only available as 

subcutaneous injections, the availability of an oral GLP-1RA formu-

lation has the potential to expand the use of this class in patients 

who would benefit from the efficacy offered. This manuscript 

reviews the evidence for cardiovascular (CV) outcomes with oral 

semaglutide, explores the safety profile of oral semaglutide across 

the clinical trial program, and discusses its use in specific patient 

populations. Throughout, the profile of oral semaglutide is placed 

in context with that of injectable GLP-1RAs, and the implications 

for managed care are considered.

CV Risk and CV Outcomes Studies in T2D
Diabetes increases the risk of CVD in patients by approximately 2 

to 3 times compared with patients without diabetes.7 CVD is esti-

mated to account for over half of all deaths in patients with T2D8 

and it leads to substantial economic costs,9 as described elsewhere 

in this supplement.10 In recent years, large-scale CV outcomes 

trials (CVOTs) have been conducted with many agents in T2D, in 

response to guidelines issued by the FDA and regulatory bodies.11 

Based on these CVOTs, ADA Standards of Medical Care in Diabetes 

It is important to consider the safety profile of new medications in type 

2 diabetes (T2D) when selecting the most appropriate treatment option 

for each patient. This can help ensure that patients achieve optimal 

response, that those experiencing adverse events are appropriately 

managed, and that treatment is tailored for those with pre-existing 

conditions such as cardiovascular disease (CVD), which is the leading 

cause of death in patients with T2D. The American Diabetes Association 

and American Association of Clinical Endocrinologists/American College 

of Endocrinology recommend a glucagon-like peptide-1 receptor agonist 

(GLP-1RA) or sodium–glucose cotransporter 2 inhibitor with proven 

cardiovascular (CV) benefit in patients with established CVD or those 

at high risk of CVD. Injectable semaglutide is approved by the FDA for 

reducing the risk of major CV events in adults with T2D and established 

CVD. In PIONEER 6, the CV safety of the first GLP-1RA tablet, oral 

semaglutide, was noninferior to placebo, and a longer-term study 

(SOUL; NCT03914326) powered to assess a potential CV benefit is 

ongoing. The safety and tolerability profile of oral semaglutide across the 

PIONEER clinical trial program was consistent with the GLP-1RA class. 

The most common adverse events were gastrointestinal (GI) (eg, nausea, 

diarrhea, and vomiting), which were typically mild to moderate and 

transient. In clinical practice, oral semaglutide expands the treatment 

options available to patients with T2D and can be considered in patient 

populations suitable for injectable GLP-1RAs.
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recommend preferential use of specific agents in settings related 

to CVD, regardless of glycated hemoglobin (A1C) level1: 

•	 for patients who have established atherosclerotic CVD (ASCVD) 

or are at high risk of ASCVD, a GLP-1RA or a sodium–glucose 

cotransporter 2 inhibitor (SGLT2i) with proven CVD benefit 

is recommended (see Table 14,12-22 for GLP-1RAs with proven 

CVD benefit; the SGLT2is canagliflozin23 and empagliflozin24 

have proven CVD benefit)

•	 for patients who have HF or CKD, an SGLT2i with evidence 

of reducing HF or CKD progression is recommended (empa-

gliflozin, canagliflozin, or dapagliflozin), or a GLP-1RA with 

proven CVD benefit (Table 14,12-22) if an SGLT2i is contraindi-

cated (eg, due to inadequate glomerular filtration rate) or 

not tolerated.

The AACE/ACE guidance is broadly consistent with these 

recommendations.2

To date, 6 CVOTs have been conducted with the GLP-1RAs 

currently available in the United States11; an overview of these 

trials is provided in Table 14,12-22. The results of these CVOTs 

led to indications for dulaglutide, liraglutide, and injectable 

semaglutide for reducing the risk of major adverse CV events (MACEs) 

in patients with T2D with established CVD, or with multiple CV 

risk factors (dulaglutide only).19,20,22

Cardiovascular Outcomes With Oral Semaglutide
PIONEER 6 Study Design
PIONEER 6 was designed to confirm that oral semaglutide does not 

increase CV risk compared with placebo.17 The study was conducted 

in patients with T2D at high risk of CV events, defined as: at least 50 

years old with established CVD or CKD; or at least 60 years old with 

at least 1 CV risk factor (microalbuminuria, proteinuria, hyperten-

sion and left ventricular hypertrophy, left ventricular systolic or 

diastolic dysfunction, or an ankle–brachial index <0.9).17,25Ultimately, 

85% of enrolled patients had established CVD or CKD, and 15% had 

CV risk factors only.

In total, 3183 patients were randomized to once-daily oral sema-

glutide or placebo. Oral semaglutide was initiated at 3 mg and 

dose-escalated every 4 weeks to 7 mg and then to the target dose of 

14 mg. The dose could be reduced from 14 mg if there were adverse 

events (AEs) and re-escalated once these resolved or diminished. 

Background standard-of-care therapy was continued, which at 

baseline included metformin for 77% of patients, insulin for 61%, 

sulfonylureas for 32%, SGLT2is for 10%, and antihypertensive, lipid-

lowering, and antithrombotic/antiplatelet drugs for most patients.

Consistent with most prior CVOTs (Table 14,12-22), the primary 

outcome was the time to first occurrence of a composite 3-point 

MACE end point, consisting of death from CV causes (or unknown 

causes), nonfatal myocardial infarction, or nonfatal stroke. The trial 

Cardiovascular (CV) Outcomes With Oral Semaglutide

•	CV outcomes data from the PIONEER program, including the PIONEER 

6 CV safety trial, support the CV safety of oral semaglutide.

•	The prescribing information for oral semaglutide does not yet include 

an indication for major CV risk reduction, which is being evaluated in a 

larger, longer, and ongoing CV outcomes trial called SOUL.

•	 In line with the latest standards of care, preferential consideration 

should be given to using an agent with a proven CV disease (CVD) 

benefit in those who have established atherosclerotic CVD or are at 

high risk, or who have chronic kidney disease or heart failure.

Oral Semaglutide Safety and Tolerability

•	The safety profile of oral semaglutide across the PIONEER studies was 

consistent with the known profile of glucagon-like peptide-1 receptor 

agonists (GLP-1RAs).

•	Gastrointestinal adverse events (AEs) were the most frequently 

reported AEs in patients taking oral semaglutide, with transient, 

mild-to-moderate nausea as the most common manifestation. 

Gastrointestinal AEs mostly occurred during the initiation and dose-

escalation periods. 

•	The incidence of severe or blood glucose-confirmed symptomatic 

hypoglycemia was low with oral semaglutide, and severe hypoglycemic 

episodes were rare.

•	Oral semaglutide is subject to similar warnings and precautions as 

those described with other GLP-1RAs.

•	Dose adjustment is not required in patients with renal or 

hepatic impairment.

            

KEY TAKEAWAY POINTS
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TABLE 1. Overview of CVOTs and CV Indications for Currently Available GLP-1RAs4,12-22 

Trial ELIXA12 LEADER13 SUSTAIN 614 EXSCEL15 REWIND16 PIONEER 617

GLP-1RA Lixisenatide Liraglutide Semaglutide
Exenatide 

extended-release Dulaglutide Semaglutide

Administration route Injectable Injectable Injectable Injectable Injectable Oral

Date results 
published 2015 2016 2016 2017 2019 2019

Study design

Patient population

T2D with acute 
coronary event 
<180 days prior 

to treatment 
initiation

T2D with 
established 

CVD or CKD, or 
CV risk factorsa

T2D with 
established 

CVD or CKD, or 
CV risk factorsa

T2D with (70%) 
or without (30%) 
established CVDb

T2D with 
established 

CVD or CKD, or 
CV risk factorsc

T2D with 
established CVD 

or CKD, or CV 
risk factorsa

N 6068 9340 3297 14,752 9901 3183

Treatment arms

Once daily: 
lixisenatide 
(n = 3034);

placebo 
(n = 3034)

Once daily: 
liraglutide 
(n = 4668);

placebo 
(n = 4672)

Once weekly: 
injectable 

semaglutide 
(n = 1648);

placebo 
(n = 1649)

Once weekly: 
exenatide 

extended-release 
(n = 7356);

placebo (n = 7396)

Once weekly: 
dulaglutide 
(n = 4949);

placebo 
(n = 4952)

Once daily:
oral 

semaglutide 
(n = 1591);  

placebo 
(n = 1592)

Primary end point 4-point MACEd 3-point MACEe 3-point MACEe 3-point MACEe 3-point MACEf 3-point MACEf

Testing strategy

Designed and 
powered to test 

for noninferiority 
and superiority

Primarily 
designed 
to test for 

noninferiorityg

Primarily 
designed 
to test for 

noninferiority

Designed and 
powered to test 

for noninferiority 
and superiority

Primarily 
designed to test 
for superiority

Primarily 
designed 
to test for 

noninferiorityg

Primary results

MACEs accrued, N 805 1302 254 1744 1257 137

Median follow-up 25 months 3.8 years 2.1 years 3.2 years 5.4 years 15.9 months

Primary end point, 
HR; 95% CI

1.02;  
0.89-1.17

0.87;  
0.78-0.97

0.74;  
0.58-0.95

0.91;  
0.83-1.00

0.88;  
0.79-0.99

0.79;  
0.57-1.11

Noninferiority P < .001 P < .001 P < .001 P < .001 NR P < .001

Superiority P = .81 (NS) P = .01 P = .02h P = .06 (NS) P = .026 P = .17 (NS)

Conclusion
Noninferior to 

placebo
Superior to 

placebo
Superior to 

placeboh

Noninferior to 
placebo

Superior to 
placebo

Noninferior to 
placebo

CVD indication 
(FDA-approved)

NA18

Reduction 
of MACEs 
in adults 

with T2D and 
established 

CVD19

Reduction 
of MACEs 
in adults 

with T2D and 
established 

CVD20

NA21

Reduction 
of MACEs in 

adults with T2D 
and established 
CVD or multiple 
CV risk factors22

NA4

CHD, coronary heart disease; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; CVOT, cardiovascular outcomes trial; eGFR, estimated 
glomerular filtration rate; GLP-1RA, glucagon-like peptide-1 receptor agonist; HF, heart failure; MACE, major adverse cardiovascular event; MI, myocardial 
infarction; NA, not applicable; NR, not reported; NS, not significant; NYHA, New York Heart Association; T2D, type 2 diabetes.
aAged ≥ 50 years with CHD/CVD, cerebrovascular disease, peripheral vascular disease, CKD stage ≥ 3, or NYHA class II or III chronic HF; or aged ≥ 60 years with  
≥ 1 CV risk factor, including microalbuminuria or proteinuria, hypertension and left ventricular hypertrophy, left ventricular systolic or diastolic dysfunction, or ankle–
brachial index < 0.9.
bCVD defined as a prior history of a major clinical manifestation of coronary artery disease, ischemic cerebrovascular disease, or atherosclerotic peripheral arterial 
disease.
cAged ≥ 50 years with prior MI, ischemic stroke, revascularization, or hospitalization for unstable angina, or evidence of myocardial ischemia; or aged ≥ 55 years with 
myocardial ischemia, left ventricular hypertrophy, albuminuria, an eGFR of 15-59 mL/min/1.73 m2, or ≥ 50% stenosis of coronary, carotid, or lower extremity arteries; 
or aged ≥ 60 years with ≥ 2 risk factors, including abdominal obesity, dyslipidemia, hypertension, or tobacco use. 
dDeath from CV causes, nonfatal MI, nonfatal stroke, or hospitalization for unstable angina.
eDeath from CV causes, nonfatal MI, or nonfatal stroke.
fDeath from CV causes (or unknown causes), nonfatal MI, or nonfatal stroke.
gSuperiority testing was prespecified after noninferiority was established, as part of a hierarchical testing strategy.
hAlthough not prespecified, the treatment effect of semaglutide combined with the greater accrual of primary events than planned enabled testing of superiority.
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was not designed to prove a CV benefit, but to confirm noninferi-

ority of oral semaglutide versus placebo for the primary end point, 

and was event-driven, requiring 122 MACEs to be accrued to provide 

sufficient statistical power for noninferiority testing. 

PIONEER 6 Results
Over a median follow-up of 15.9 months, the composite MACE 

end point was reported in 3.8% of patients in the oral semaglutide 

group versus 4.8% in the placebo group (HR, 0.79; 95% CI, 0.57-

1.11), demonstrating noninferiority of oral semaglutide to placebo 

(P <.001), but not superiority (P = .17).17 When the individual MACE 

components were analyzed, a nominally significant reduction in the 

risk of death from CV causes was observed (HR, 0.49; 95% CI, 0.27-

0.92), although the study was not sufficiently powered to establish 

superiority for this outcome. The confidence intervals for the other 

MACE components did not show any difference between treatments 

(Figure 1).17 The PIONEER 6 study investigators concluded that 

the CV risk profile of oral semaglutide was noninferior to placebo.

PIONEER 6 in Context
The lack of an increased CV risk seen in the PIONEER trials that 

assessed glycemic control is consistent with the evidence from 

PIONEER 6. In PIONEER 1 through 5, 7, and 8, discussed previously, 

an independent event adjudication committee (EAC) evaluated 

in-trial CV events in each study.26-32 In these 26- to 78-week studies, 

the proportion of patients that experienced EAC-confirmed CV events 

in the oral semaglutide groups was low (0%-3.2%) and similar to 

comparator groups (placebo, 1.1%-2.7%; empagliflozin 25 mg, 1.5%; 

sitagliptin 100 mg, 1.6%-2.1%; and liraglutide 1.8 mg, 1.1%).26-32

Certain CVOTs with injectable GLP-1RAs have reported significant 

reductions in MACEs, including liraglutide in LEADER, inject-

able semaglutide in SUSTAIN 6, and dulaglutide in REWIND.13,14,16 

These GLP-1RAs are approved by the FDA for reducing the risk of 

MACEs in adults with T2D and established CVD.19,20,22 However, it 

is challenging to directly compare agents due to heterogeneity 

between the CVOT trials.12-17 In particular, CVOTs in T2D vary in 

terms of patient populations (from enrolling patients with estab-

lished CVD only, to those with CV risk factors only, and different 

definitions of established CVD and CV risk factors) and numbers 

enrolled. They also differ in the duration of follow-up, the number 

of MACEs accrued prior to completion, and whether they were 

designed and powered to assess noninferiority or superiority 

versus placebo (Table 14,12-22).

The SUSTAIN 6 CVOT with injectable semaglutide enrolled 

a similar patient population to PIONEER 6, and used the same 

primary MACE end point, but was longer in duration and accrued 

more MACEs, enabling testing for superiority versus placebo.14,17 

The HR for the primary MACE end point in SUSTAIN 6 for injectable 

semaglutide versus placebo (HR, 0.74; 95% CI, 0.58-0.95; P = .02) was 

broadly consistent with that in PIONEER 6.14,17 No significant differ-

ences were seen between injectable semaglutide and placebo for 

the individual MACE components in SUSTAIN 6, except for nonfatal 

stroke (HR, 0.61; 95% CI, 0.38-0.99); however, SUSTAIN 6 was also 

not designed to test superiority for these components.14 Insights 

from these 2 trials are complemented by a recent patient-level 

analysis, which combined data from PIONEER 6 and SUSTAIN 6. 

Consistent effects on MACE incidence across the 2 formulations 

were reported for combined semaglutide data (injectable and oral) 

versus placebo (overall HR, 0.76; 95% CI, 0.62-0.92).33 

Summary
CV outcomes data from PIONEER 6 demonstrate no increased CV 

risk with oral semaglutide versus placebo.17 As such, oral sema-

glutide could be considered for use in patients with T2D at high 

FIGURE 1. Primary Composite CV Outcome and Individual Components in PIONEER 617a

CV, cardiovascular; MI, myocardial infarction.
aThe confidence intervals for individual components of the primary end point were not adjusted for multiple comparisons. 
bThe primary outcome was a composite of death from CV causes, nonfatal MI, or nonfatal stroke.
cDeath from CV causes includes deaths with unknown causes. 

Outcome
Oral semaglutide

n (%)
Placebo

n (%)
HR

(95% CI)

Primary outcomeb 61 (3.8) 76 (4.8) 0.79 (0.57-1.11) P = .17

Death from CV causesc 15 (0.9) 30 (1.9) 0.49 (0.27-0.92)

Nonfatal MI 37 (2.3) 31 (1.9) 1.18 (0.73-1.90)

Nonfatal stroke 12 (0.8) 16 (1.0) 0.74 (0.35-1.57)

−1 1 2 30

Favors oral semaglutide Favors comparator
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CV risk, although the indication for oral semaglutide does not yet 

include an indication for CV risk reduction.4 Whether oral sema-

glutide reduces the risk of MACE is currently being investigated in 

a larger and longer (3.5-5 years) CVOT, SOUL, estimated to complete 

in 2024.34 In line with the latest standards of care, preferential 

consideration should be given to using an agent with a proven CVD 

benefit in those who have established ASCVD, or are at high risk of 

CVD, or who have CKD or HF.1,2

Oral Semaglutide Safety and Tolerability 
in Context 
Overall Safety and Tolerability of Oral Semaglutide
The safety and tolerability of GLP-1RAs are well characterized from 

a large number of clinical trials35,36 and these agents have been 

used in clinical practice since 2005.37 The PIONEER clinical trial 

program assessed the safety and tolerability of oral semaglutide 

in a range of settings, including as an add-on to diet and exercise 

alone, oral therapies, and insulin-based regimens, as summarized 

in Table 217,26-32,38 and discussed below.

Incidence of GI AEs

Consistent with the known profile of GLP-1RAs, the most common 

AEs with oral semaglutide in clinical trials were GI, with nausea 

and diarrhea the most frequent manifestations (Table 2).17,26-32,38 

These GI AEs were generally transient in nature, occurred during 

initiation and dose escalation,4 and were reported by fewer patients 

after this period; cases of nausea were typically mild to moderate in 

severity.17,26-32,39 These findings are consistent with those observed 

across the GLP-1RA class.35 

When compared with the injectable GLP-1RA liraglutide 1.8 mg, 

oral semaglutide 14 mg was associated with an overall comparable 

incidence of GI AEs (Table 217,26-32,38).29 To date, no studies have 

directly compared the GI tolerability of the approved doses of 

oral semaglutide with those for injectable semaglutide. However, 

the route of administration and GI tolerability were explored in 

an exposure–response analysis of data from the SUSTAIN and 

PIONEER programs, which indicated a consistent relationship 

between increased exposure and increased incidence of GI AEs 

for both oral and injectable formulations.40 Further insight from a 

recent systematic review and network meta-analysis of data from 

randomized controlled trials with GLP-1RAs indicated that the odds 

of experiencing GI AEs were not significantly different with oral 

semaglutide 14 mg versus injectable GLP-1RAs.41

As per recommendations for other GLP-1RAs,39 several strate-

gies may help mitigate GI AEs. Firstly, gradual dose titration is 

important—oral semaglutide should be initiated at 3 mg once 

daily, then escalated to 7 mg after 30 days, and then to 14 mg after 

a minimum of a further 30 days (if needed for glycemic control).4 

Based on clinical judgment, longer escalation periods can be 

considered in patients with a higher risk of GI AEs or those expe-

riencing GI AEs at the lower doses (3 mg and 7 mg). In addition, 

patients should receive counseling on the potential for GI AEs, 

which are typically mild to moderate and transient in nature.17,26-32,39 

Eating smaller meals, stopping eating before feeling full, and 

avoiding high-fat meals are recommended.39 Patients with renal 

impairment should also maintain fluid intake to avoid dehydra-

tion if GI AEs occur.4

Incidence of AEs Leading to Discontinuation

GI AEs were the most common cause of premature study drug discon-

tinuations in the oral semaglutide trials (Table 217,26-32,38), occurring 

in 1.7% to 12% of patients across oral semaglutide groups versus 

placebo (0.5% to 2.0%).17,26-32 Observations from several PIONEER trials 

indicate that discontinuations due to AEs tend to occur within, or 

shortly after, the dose-escalation period. Compared with liraglutide 

1.8 mg in PIONEER 4, oral semaglutide 14 mg was associated with 

a similar rate of discontinuations due to GI AEs (6.0% and 8.0% of 

patients, respectively) versus 2.0% of patients receiving placebo.29

Relative to other active comparators, discontinuations due to 

any AE in PIONEER 3 were similar between oral semaglutide 3 mg 

(5.6% of patients), 7 mg (5.8%), and sitagliptin 100 mg (5.2%), and 

comparable between oral semaglutide 14 mg (11.0%) and liraglutide 

1.8 mg (9.0%) in PIONEER 4.28,29 Discontinuations were more common 

with oral semaglutide 14 mg (10.7%) compared with empagliflozin 

25 mg (4.4%) in PIONEER 227; more frequent with oral semaglutide 

14 mg (11.6%) versus sitagliptin 100 mg (5.2%) in PIONEER 328; and 

more common with flexible-dose oral semaglutide (up to 14 mg; 

9%) versus sitagliptin 100 mg (3%) in PIONEER 7 (Table 217,26-32,38).31

Incidence of Serious AEs

Serious AEs were typically reported in similar proportions of 

patients in the oral semaglutide, placebo, and comparator groups 

across the PIONEER trials.17,26-32

Hypoglycemia

GLP-1RAs are considered to have neutral or low inherent risk of 

hypoglycemia,2,36 given their glucose-dependent mechanism of 

action.42 The PIONEER publications26-32 focus on 2 assessments of 

hypoglycemia incidence: episodes of severe hypoglycemia, defined 

using the ADA definition of “requiring assistance of another person 

to actively administer carbohydrates, glucagon, or take other 

corrective actions” 38; and blood glucose–confirmed symptomatic 

hypoglycemia (< 56 mg/dL [<3.1 mmol/L]) with symptoms consis-

tent with hypoglycemia. In the PIONEER program, the combined 

incidence of severe hypoglycemia or blood glucose–confirmed 

symptomatic hypoglycemia with oral semaglutide was typically 

low, and similar to that observed with the GLP-1RA liraglutide, the 

SGLT2i empagliflozin, the dipeptidyl-peptidase-4 inhibitor (DPP-4i) 
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TABLE 2. Incidence of Select AEs During Treatment in the PIONEER 1-8 Clinical Trials17,26-32,38a

Overall AE incidence Incidence of select GI AEs
Treatment 

discontinuation Hypoglycemia

Any AE
n (%)

Serious 
AEs

n (%)
Nausea

n (%)
Diarrhea

n (%)
Vomiting

n (%)

Due to 
any AE
n (%)

Due to GI 
AE

n (%)

Severeb or 
BG‑confirmed 
symptomatic 

episodec

n (%)

Severe 
episodeb

n (%)

PIONEER 1 – patient population: T2D; background therapy: diet and exercise alone; duration: 52 weeks26

Oral semaglutide  
3 mg (n = 175)

101 (57.7) 5 (2.9) 14 (8.0) 15 (8.6) 5 (2.9) 4 (2.3) 3 (1.7) 5 (2.9) 0 (0.0)

Oral semaglutide  
7 mg (n = 175)

93 (53.1) 3 (1.7) 9 (5.1) 9 (5.1) 8 (4.6) 7 (4.0) 4 (2.3) 2 (1.1) 1 (0.6)

Oral semaglutide  
14 mg (n = 175)

99 (56.6) 2 (1.1) 28 (16.0) 9 (5.1) 12 (6.9) 13 (7.4) 9 (5.1) 1 (0.6) 0 (0.0)

Placebo (n = 178) 99 (55.6) 8 (4.5) 10 (5.6) 4 (2.2) 4 (2.2) 4 (2.2) 1 (0.6) 1 (0.6) 0 (0.0)

PIONEER 2 – patient population: T2D; background therapy: metformin; duration: 52 weeks27

Oral semaglutide  
14 mg (n = 410)

289 (70.5) 27 (6.6) 81 (19.8) 38 (9.3) 30 (7.3) 44 (10.7) 33 (8.0) 7 (1.7) 1 (0.2)

Empagliflozin  
25 mg (n = 409)

283 (69.2) 37 (9.0) 10 (2.4) 13 (3.2) 7 (1.7) 18 (4.4) 3 (0.7) 8 (2.0) 1 (0.2)

PIONEER 3 – patient population: T2D; background therapy: metformin ± SU; duration: 78 weeks28

Oral semaglutide  
3 mg (n = 466)

370 (79.4) 64 (13.7) 34 (7.3) 45 (9.7) 13 (2.8) 26 (5.6) 11 (2.4) 23 (4.9) 0 (0.0)

Oral semaglutide  
7 mg (n = 464)

363 (78.2) 47 (10.1) 62 (13.4) 53 (11.4) 28 (6.0) 27 (5.8) 16 (3.4) 24 (5.2) 0 (0.0)

Oral semaglutide  
14 mg (n = 465)

370 (79.6) 44 (9.5) 70 (15.1) 57 (12.3) 42 (9.0) 54 (11.6) 32 (6.9) 36 (7.7) 1 (0.2)

Sitagliptin 100 mg  
(n = 466)

388 (83.3) 58 (12.4) 32 (6.9) 37 (7.9) 19 (4.1) 24 (5.2) 12 (2.6) 39 (8.4) 4 (0.9)

PIONEER 4 – patient population: T2D; background therapy: metformin ± SGLT2i; duration: 52 weeks29

Oral semaglutide  
14 mg (n = 285)

229 (80) 31 (11) 56 (20) 43 (15) 25 (9) 31 (11) 22 (8) 2 (1) NR

Liraglutide  
1.8 mg (n = 284)

211 (74) 22 (8) 51 (18) 31 (11) 13 (5) 26 (9) 17 (6) 7 (2) NR

Placebo (n = 142) 95 (67) 15 (11) 5 (4) 11 (8) 3 (2) 5 (4) 3 (2) 3 (2) NR

PIONEER 5 – patient population: T2D with moderate renal impairmentd; background therapy: metformin, SU, or metformin + SU, or 
basal insulin ± metformin; duration: 26 weeks30

Oral semaglutide  
14 mg (n = 163)

122 (75) 17 (10) 31 (19) 17 (10) 19 (12) 24 (15) 19 (12) 9 (6) 0 (0)

Placebo (n = 161) 109 (68) 17 (11) 12 (7) 6 (4) 2 (1) 8 (5) 3 (2) 3 (2) 0 (0)

PIONEER 6 – patient population: T2D at high CV risk; background therapy: standard of care; duration: median follow-up of  
16 months17

Oral semaglutide  
14 mg (n = 1591)

NR 301 (18.9) NR NR NR 184 (11.6) 108 (6.8) NR 23 (1.4)

Placebo (n = 1592) NR 358 (22.5) NR NR NR 104 (6.5) 26 (1.6) NR 13 (0.8)

(continued)



S350    DECEMBER 2020  www.ajmc.com

R E P O R T

sitagliptin, and placebo (Table 217,26-32,38).26-31 Severe hypoglycemic 

episodes were rare in the PIONEER studies (Table 217,26-32,38).

In PIONEER 3 and PIONEER 7, an elevated incidence of severe or 

blood glucose–confirmed symptomatic hypoglycemia was observed 

when oral semaglutide was added to a sulfonylurea (Figure 2).28,31,38 

Similar observations were made with the combination of the DPP-4i 

sitagliptin and sulfonylureas.28,31 Consideration should therefore be 

given to reducing the dose of insulin secretagogues, such as sulfo-

nylureas, when initiating treatment with any GLP-1RA, including oral 

semaglutide, to minimize the risk of hypoglycemia (Table 3).4,18-22,37 

A similar approach is required in patients receiving background 

insulin therapy.4,18-22,37 When oral semaglutide was compared with 

placebo as an add-on to insulin in PIONEER 8, a 20% reduction in 

background insulin dose was recommended in both groups for 

the first 8 weeks, after which insulin doses could be adjusted up to 

the pre-randomization dose; after 26 weeks, doses could be freely 

adjusted at the investigator’s discretion.32 With this strategy, oral 

semaglutide did not increase the risk of severe or blood glucose–

confirmed symptomatic hypoglycemia versus placebo over 52 weeks, 

despite the greater degree of glycemic control with oral semaglu-

tide.32 However, the proportions of patients reporting such events 

in the oral semaglutide and placebo groups were greater than those 

in other PIONEER trials (Table 217,26-32,38),32 reflecting the inherent 

risk of hypoglycemia with insulin use.1,2,32 Most events occurred in 

patients receiving background basal-bolus insulin,32 highlighting 

the need for vigilance in those receiving insulin therapy with a 

prandial component.

Warnings and Precautions for GLP-1RAs, 
Including Oral Semaglutide 
Several precautions need to be considered when using GLP-1RAs, 

many of which are common across the class. These are summa-

rized in Table 3,4,18-22,37 and select considerations are discussed in 

more detail below.

TABLE 2. (Continued) Incidence of Select AEs During Treatment in the PIONEER 1-8 Clinical Trials17,26-32,38a

Overall AE incidence Incidence of select GI AEs
Treatment 

discontinuation Hypoglycemia

Any AE
n (%)

Serious 
AEs

n (%)
Nausea

n (%)
Diarrhea

n (%)
Vomiting

n (%)

Due to 
any AE
n (%)

Due to GI 
AE

n (%)

Severeb or 
BG‑confirmed 
symptomatic 

episodec

n (%)

Severe 
episodeb

n (%)

PIONEER 7 – patient population: T2D; background therapy: 1-2 oral glucose-lowering drugse; duration: 52 weeks31

Oral semaglutide 
with flexible dose 
adjustmentf (n = 253)

197 (78) 24 (9) 53 (21) 22 (9) 14 (6) 22 (9) 14 (6) 14 (6) 0 (0)

Sitagliptin  
100 mg (n = 250)

172 (69) 24 (10) 6 (2) 8 (3) 2 (1) 8 (3) 2 (1) 14 (6) 0 (0)

PIONEER 8 – patient population: T2D; background therapy: insulin ± metformin; duration: 52 weeks32

Oral semaglutide  
3 mg (n = 184)

137 (74.5) 25 (13.6) 21 (11.4) 16 (8.7) 11 (6.0) 13 (7.1) 9 (4.9) 52 (28.3) 5 (2.7)

Oral semaglutide  
7 mg (n = 181)

142 (78.5) 19 (10.5) 30 (16.6) 22 (12.2) 14 (7.7) 16 (8.8) 12 (6.6) 47 (26.0) 1 (0.6)

Oral semaglutide  
14 mg (n = 181)

151 (83.4) 12 (6.6) 42 (23.2) 27 (14.9) 18 (9.9) 24 (13.3) 19 (10.5) 48 (26.5) 2 (1.1)

Placebo (n = 184) 139 (75.5) 17 (9.2) 13 (7.1) 11 (6.0) 7 (3.8) 5 (2.7) 1 (0.5) 54 (29.3) 1 (0.5)

A1C, glycated hemoglobin; AE, adverse event; BG, blood glucose; CV, cardiovascular; eGFR, estimated glomerular filtration rate; GI, gastrointestinal; 
NR, not reported; SGLT2i, sodium–glucose cotransporter 2 inhibitor; SU, sulfonylurea; T2D, type 2 diabetes.
a All data are number of patients (% of patients); percentages are reported to the number of decimal places reported in each study publication. All study drugs were 
given once daily. 
bSevere hypoglycemia was defined as per American Diabetes Association classification (requiring assistance of another person to actively administer carbohydrates, 
glucagon, or take other corrective actions),38 except for PIONEER 6, in which severe hypoglycemia was identified through a search of Medical Dictionary for Regula-
tory Activities terms (version 20.1).
cConfirmed based on BG < 56 mg/dL (< 3.1 mmol/L) with symptoms consistent with hypoglycemia.
deGFR 30-59 mL/min/1.73 m2.
eIncluding metformin, SUs, SGLT2is, or thiazolidinediones. 
fOral semaglutide was initiated at 3 mg once daily; dose adjustment was performed every 8 weeks, with doses increased (to 7 mg and then 14 mg) if A1C level was 
≥ 7.0% (≥ 53 mmol/mol), maintained if A1C level was < 7.0% (< 53 mmol/mol), and maintained or reduced (minimum dose of 3 mg) if moderate-to-severe nausea or 
vomiting were reported in 3 days within the week prior to the dose adjustment assessment (regardless of A1C level).



THE AMERICAN JOURNAL OF MANAGED CARE®  Supplement   VOL. 26, NO. 16    S351

CARDIOVASCULAR OUTCOMES AND SAFETY WITH ORAL SEMAGLUTIDE

Risk of Thyroid C-cell Tumors

The GLP-1RAs exenatide extended-release, liraglutide, dulaglutide, 

and injectable and oral semaglutide have a boxed warning for thyroid 

C-cell tumors (observed in preclinical studies with rodents)4,19-22; 

however, the clinical relevance of this finding for humans is unknown. 

GLP-1RAs are contraindicated in patients with a personal or family 

history of medullary thyroid carcinoma (MTC), a rare cancer that 

originates from thyroid C-cells,43 and in patients with multiple 

endocrine neoplasia type 2. However, several meta-analyses of 

data from trials with injectable GLP-1RAs44,45 have not identified 

an increased risk of cancer, or a difference in overall risk between 

GLP-1RAs and comparators for thyroid cancers. Across the PIONEER 

1 through 8 studies,17,25-32 a single case of MTC was reported with oral 

semaglutide; the patient had pre-existing thyroid nodules and an 

elevated baseline calcitonin level.17

Pancreatitis

Pancreatitis has been reported in patients taking incretin-based 

therapies, including GLP-1RAs.4,46 Analyses of the incidence of 

pancreatitis with such agents conducted by the FDA and European 

Medicines Agency (prior to the oral semaglutide phase 3 program) did 

not identify a causal relationship, concluding that current labeling 

recommendations are sufficient.46 The prescribing information 

for GLP-1RAs, including oral semaglutide, recommends halting 

therapy if pancreatitis is suspected; alternative agents should be 

considered in those with a history of pancreatitis.4,18-22,37 Recent meta- 

analyses of data from the GLP-1RA CVOTs (representing some of the 

largest and longest-duration studies with these agents), including 

PIONEER 6, have not identified an increased risk of pancreatitis.47,48

Diabetic Retinopathy

An increased incidence of diabetic retinopathy complications has 

been reported in patients treated with dulaglutide or injectable 

semaglutide versus placebo in CVOTs, driven by a greater rate in 

patients with a history of diabetic retinopathy,20,22 and which may be 

a phenomenon linked to rapid glucose lowering.14,49,50 Although an 

imbalance in AEs related to diabetic retinopathy was not observed 

with oral semaglutide compared with placebo (7.1% and 6.3%, 

FIGURE 2. Incidencea of Severeb or BG-confirmedc Symptomatic Hypoglycemic Episodes in Patients With or Without Background SU 
Treatment in the PIONEER 3 and PIONEER 7 Trials28,31,38

A1C, glycated hemoglobin; BG, blood glucose; SGLT2i, sodium–glucose cotransporter 2 inhibitor; SU, sulfonylurea.
a All data are number of patients (% of patients). All study drugs were given once daily. 
bSevere hypoglycemia was defined as per American Diabetes Association classification (requiring assistance of another person to actively administer carbohydrates, 
glucagon, or take other corrective actions),38 except for PIONEER 6, in which severe hypoglycemia was identified through a search of Medical Dictionary for Regulatory 
Activities terms (version 20.1).
cConfirmed based on BG < 56 mg/dL (< 3.1 mmol/L) with symptoms consistent with hypoglycemia.
dIncluding metformin, SUs, SGLT2is, or thiazolidinediones. 
eOral semaglutide was initiated at 3 mg once daily; dose adjustment was performed every 8 weeks, with doses increased (to 7 mg and then 14 mg) if A1C level was 
≥ 7.0% (≥ 53 mmol/mol), maintained if A1C level was < 7.0% (< 53 mmol/mol), and maintained or reduced (minimum dose of 3 mg) if moderate-to-severe nausea or  
vomiting was reported for 3 or more days within the week prior to the dose adjustment assessment (regardless of A1C level).
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TABLE 3. Overview of Prescribing Information Warnings and Precautions for Available GLP-1RAs4,18-22,37a

Exenatide 
twice daily  

(Byetta PI)37

Lixisenatide 
once daily

(Adlyxin PI)18

Exenatide ER 
once weekly

(Bydureon PI)21

Liraglutide
once weekly
(Victoza PI)19

Dulaglutide
once weekly

(Trulicity PI)22

Injectable 
semaglutide  
once weekly 

(Ozempic PI)20

Oral semaglutide
once daily 

(Rybelsus PI)4

Boxed warning

Risk of thyroid 
C-cell tumors

Causes thyroid C-cell tumors in rodents. Unknown whether drug causes thyroid 
C-cell tumors (including MTC) in humans, as human relevance of drug-induced rodent 
thyroid C-cell tumors has not been determined. Counsel patients regarding potential 
risk of MTC and symptoms of thyroid tumors

Contraindications

Personal or family 
history of MTC, or 
presence of MEN 2 

Contraindicated

Hypersensitivity 
to drug or 
components

Contraindicated

History of 
exenatide-induced 
immune-mediated 
thrombocytopenia 

Contraindicated N/A Contraindicated N/A N/A N/A N/A

Warnings and precautions

Pancreatitis Reported; discontinue promptly and do not restart; consider other therapies in those with a history of pancreatitisb

Hypoglycemia Increased risk if used with insulin or insulin secretagogue; consider reducing dose of insulin or insulin secretagogue

Acute kidney 
injury/renal 
impairment

Acute kidney injury and worsening renal function has been reported

•	Do not use in 
severe renal 
impairment or 
ESRD

•	Use with 
caution in 
patients with 
renal trans-
plantation

•	Use caution 
in patients 
with moder-
ate renal 
impairment

•	Monitor renal 
function in 
patients with 
renal impair-
ment and 
report severe 
adverse GI 
reactions

•	Not recom-
mended in 
ESRD

•	May induce 
nausea and 
vomiting with 
transient 
hypovolemia, 
and may 
worsen renal 
function

•	Not recom-
mended if 
eGFR 
< 45 mL/
min/1.73 m2

Use caution 
when 

initiating or 
escalating 
doses in 
patients 

with renal 
impairment

Monitor renal function in patients with renal 
impairment and report severe adverse GI reactions

Use in patients 
with severe 
GI disease

Not recommended in patients with gastroparesis
Not 

recommended

Immunogenicity
Anti-drug antibodies may develop and impact 

glycemic efficacy; if so, consider alternative therapy

Hypersensitivity
Serious reactions (eg, anaphylaxis and angioedema) have been reported.c If such events occur, discontinue and seek 

medical advice. Use with caution in patients with a history of angioedema or anaphylaxis with another GLP-1RA

Injection-site 
reactions

Consider 
alternative 
therapy if 
significant 

injection-site 
reactions 
develop

Serious 
injection-site 

reactions 
have been 
reported

N/A

(continued)



THE AMERICAN JOURNAL OF MANAGED CARE®  Supplement   VOL. 26, NO. 16    S353

CARDIOVASCULAR OUTCOMES AND SAFETY WITH ORAL SEMAGLUTIDE

respectively) in PIONEER 6, the study excluded patients with prolif-

erative retinopathy or maculopathy.17 In patients with a history of 

diabetic retinopathy, monitoring for progression is recommended 

within the prescribing information for dulaglutide, injectable and 

oral semaglutide,4,20,22 and more generally should be considered 

for all patients with a history of diabetic retinopathy regardless of 

therapy, in line with ADA guidelines.51

Safety and Tolerability of Oral Semaglutide in 
Specific Patient Populations
Renal and Hepatic Impairment

The safety of oral semaglutide in patients with moderate renal impair-

ment was explored in the PIONEER 5 study, with no unexpected 

safety concerns identified and a profile consistent with that of the 

GLP-1RA class (Table 217,26-32,38).30 Pharmacokinetic studies in patients 

with renal impairment (mild, moderate, severe, or end-stage renal 

disease) or hepatic impairment (mild, moderate, or severe) indicated 

that there were no clinically relevant differences in oral semaglutide 

plasma concentrations or safety in patients with such impairments 

compared with those with normal renal and hepatic function.52,53 

Consequently, no dose adjustment is recommended in patients 

with renal or hepatic impairment.4 Additional renal considerations 

for oral semaglutide and other GLP-1RAs are shown in Table 3.4,18-22,37

Use in Elderly Patients

There are no overall differences in the safety of oral semaglutide 

between younger and older patients.4 Across the PIONEER 1 through 

5, 7, and 8 trials, the proportions of patients discontinuing treat-

ment due to AEs were, in general, slightly higher among those at 

least 65 years old compared with those less than 65 years old in 

both the oral semaglutide and comparator groups.54 For example, 

in PIONEER 2, discontinuations due to AEs with oral semaglutide 

14 mg occurred in 15% versus 9% of patients aged at least 65 years 

and less than 65 years, respectively, and in 7% versus 3%, respec-

tively, for empagliflozin 25 mg.54 Oral semaglutide is not indicated 

in patients less than 18 years old, as is the case for all GLP-1RAs, 

except for liraglutide which is approved for use in patients with 

T2D at least 10 years old.4,18-22,37

TABLE 3. (Continued) Overview of Prescribing Information Warnings and Precautions for Available GLP-1RAs4,18-22,37a

Exenatide 
twice daily  

(Byetta PI)37

Lixisenatide 
once daily

(Adlyxin PI)18

Exenatide ER 
once weekly

(Bydureon PI)21

Liraglutide
once weekly
(Victoza PI)19

Dulaglutide
once weekly

(Trulicity PI)22

Injectable 
semaglutide  
once weekly 

(Ozempic PI)20

Oral semaglutide
once daily 

(Rybelsus PI)4

Acute gallbladder 
disease 

If cholelithiasis or cholecystitis 
are suspected, gall bladder 

studies are indicated

AEs related 
to diabetic 
retinopathy 
or diabetic 
retinopathy 
complications

•	Diabetic retinopathy compli-
cations reported in CVOTs

•	Monitor for progression 
of diabetic retinopathy in 
patients with a history of 
diabetic retinopathy

Patients receiving 
oral semaglutide 

with a history 
of diabetic 
retinopathy 
should be 

monitored (based 
on reports 
of diabetic 
retinopathy 

complications 
with injectable 
semaglutide in 
the SUSTAIN 6 

CVOT)

Exenatide-induced 
immune-mediated 
thrombocytopenia 

Discontinue 
promptly and  
do not restart

N/A
Discontinue 

promptly and  
do not restart

N/A N/A N/A N/A

n = not included in prescribing information contraindications/warnings and precautions section.

AE, adverse event; CVOT, cardiovascular outcomes trial; eGFR, estimated glomerular filtration rate; ER, extended-release; ESRD, end-stage renal disease; GI, gastrointestinal; 
GLP-1RA, glucagon-like peptide-1 receptor agonist; MEN 2, multiple endocrine neoplasia type 2; MTC, medullary thyroid carcinoma; N/A, not applicable; PI, prescribing 
information. 
aThe table presents a summary of PI content. The PI for each agent provides additional detail and should be consulted before making clinical decisions.
bThe recommendation to consider other therapies in those with a history of pancreatitis is not included in the liraglutide (Victoza) PI19; liraglutide has been studied in a limited 
number of patients with a history of pancreatitis, and it is unknown whether risk of development of pancreatitis is higher in such patients.
cAlthough not mentioned in the injectable semaglutide (Ozempic) PI,20 the oral semaglutide (RYBELSUS) PI4 mentions that such events have been reported with semaglutide.
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Use in Pregnancy

The effects of oral semaglutide in pregnancy are unknown; animal 

studies suggest a potential risk to the fetus, and consequently 

use during pregnancy is not recommended (unless the potential 

benefit justifies the risk), as is the case with all GLP-1RAs.4,18-22,37 Oral 

semaglutide should also be discontinued  at least 2 months prior to 

planned pregnancy and it is not recommended while breastfeeding.4 

In summary, the safety profile of oral semaglutide across 

the PIONEER trials was consistent with the known profile of 

GLP-1RAs,26,27,29-32 and oral semaglutide is subject to similar warn-

ings and precautions to those with other GLP-1RAs.4,18-22,37 No 

dose adjustment is recommended in patients with hepatic or 

renal impairment.4  n
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